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For heat exchangers with non-welded construction of the core (1) formed by a plurality of plates being incorporated in a frame there 
is designed a structure having at least one of the frame wall members in a contact with adjacent end board (18) of the core (1) by means 
of a plurality of resilient members (4) furnished with a spring (40) attached by means of a first contact member to the end board ( 1 8) and 
by means of a second contact member to the wall member. The first contact member comprises a rod (42) protruding through the wall 
member and attached to the spring (40) disposed on the outside surface of the wall member. The second contact member comprises a 
control member for adjustment of the resilient member (4) compressive force. 
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A HEAT EXCHANGER 



Technical Field 

5 The invention relates Lo a heaL exchanqer having 

a core structure formed by a plurality of plates spaced 
apart by spacing means defining channels between adjacent 
plates for heat - exchanq i ng media flow. the core being 
incorporated in a frame including a pair of parallel- 
lO spaced rigid wall members mutually connected by post 
members . 



Background of the Invention 
15 There exists a vide range of heat exchangers which 

have a core comprising a system of channels providing for 
flows of heat exchanging media. the core being covered 
and held together by a rigid frame supporting also all 
inlets and outlets. Among most common types there is 
20 a plate- type exchanger the core of which consists of 
a plurality of spaced plates defining the flow channels. 
To avoid excessive stress due to different heat load of 
individual parts with welded constructions. the sealing 
of edges is also provided for by a clamped construction 
25 of the core. With such a fully non- welded core 
compression forces must remain sufficiently strong during 
all operation cycles when the plates are repeatedly 
heated up and cooled down and therefore expand and 
contract continuously. The thermal expansion forces are 
30 usually much stronger than the clamping ones and each 
plate has thus a certain freedom to move with respect to 
adjacent plates. Such an arrangement allows for improved 
ab i 1 i ty to w i thstand severe therma 1 shocks dur i ng 
operation when compared to a fully welded construction. 
35 On the other hand it manifests certain leakage that 
cannot be avoided. Such a construction is known from PCT 
US83/OOS52 presenting resilient spacers between adjacent 
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olate edges Lo accotaodaLe this Lhernal expansion of 
plates during t her* ma 1 cycles and minimise the leakage of 
one heat -exchanging media, aostly a fluid one, into the 
other* one. These spacers are exposed to direct contact 
5 with the heat exchanging media. the effect of which, 
combined with high temperature. is responsible for 
erosion, corrosion and fatigue of these resilient spacers 
resulting in their decreased compressive force and 
finally in an increased leakage rate. Known arrangements 

JO do not allow for this gradual degradation of the 
resilient spacers. As the compressive force of resilient 
spacers is rather low. to achieve an effective sealing 
this design is suitable for cores manifesting a certain 
degree of flexibility and therefore only for cores 

15 consisting of relatively thin plates. On the other hand 
it is sensitive to thermal shocks taking place during 
rapid start-ups or shut-downs which may bring the plates 
in a condition of plastic deformation which the spacers 
cannot follow sufficiently and an excessive leakage again 

20 occurs. The above discussed construction is thus limited 
to 1 ow pressure app 1 ication on 1 y . 



Disclosure and Oblect of the Invention 

25 The foregoing problems are solved by a heat exchanger 

having a plate core disposed within a frame including 
a pair of spaced rigid wall panels. constructed in 
accordance with the present invention, where at least one 
of the wall members is in a contact with adjacent end 

30 board of the core by means of a plurality of resilient 
members. Such resilient member comprises a spring 
attached by means of a first contact member to the end 
board and by means of a second contact member to the wall 
member Further in accordance with the present invention 

35 the first contact member comprises a rod protruding 
through the wall member and attached to the spring 
arranged on the outside surface the wall member. Still 
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further* in accordance with the invention the second 
contact Member comprises a control member for adjustment 
of the resilient member compressive force, the control 
member being advantageously a screw. In a preferred 
5 embodiment the core comprises rectangular plates having 
a portion along the first pair of opposed sides bent at 
the right angle to the plate flat surface and then bent 
outwardly thus forming first contact wings to the 
appropr i ate first contact wings of a plate being adjacent 

lO at one side. while a portion along the second pair of 
opposed sides of the plate is bent at right angle in the 
opposite direction and then bent outwardly forming 
a second contact wing to the appropriate second contact 
wing of a plate being adjacent at the other side. Another 

15 preferred embodiment comprises a core furnished with 
rectangular plates having a portion along the first pair 
of opposed sides bent at the right angle to the plate 
flat surface and then bent outwardly thus forming first 
contact wings to the appropriate first contact wings of 

20 a plate being adjacent at one side, while the second pair 
of opposed sides of the plate provides for contact faces 
matching with appropriate contact faces of the plate 
at the other side by means of rigid spacing bars sealed 
to the plates by welds. For both preferred embodiments it 

25 applies that between adjacent first contact wings there 
is clamped a rigid cover bar with open holes for 
heat -exchanging media flow into channels. It is still 
further in accordance with the invention that behind the 
cover bar there is placed an insert comprising two 

30 par a 1 1 e 1 - spaced sheets defining three passages within the 
channel, providing the open holes of the cover bar tapers 
inwardly and opens from a set distance into the inside 
passage . 

It is an object of the invention to minimize the 
35 leakage rate by non-welded constructions of heat 
exchangers with a pi ate- type core applying additional 
clamping force through resilient members which can be 
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adjusted accord 1 nq operation conditions and noreover 
adiusted separately at different places of the core. It 
is a further obi ect of the invention to construct 
a non- welded core showing 1 ■ proved sel f -seal inq 

5 characteristic features, which can be further improved by 
partial use of veld sealing while keeping all the 
advantages of non -welded core even for hi gh- pressure 
applications. As a special feature of the construction 
there is avoided a condensation of vapors included in the 
lO hot flow when coning into contact with cold part of the 
exchanger as it is cotion with present constructions. 



Brief Description of the Drawings 

15 By way of exaaples the invention will be now 

described with reference to the accompanying drawings. 
Fig. 1 presents a basic arrangement of the core and the 
frame. Fig. 2 shows embedding of the core within a frame. 
Fig. 3 illustrates distribution of resilient elements and 

20 first contact members along the core. Fig. A offers the 
first preferred embodiment of the core and Fig. 5 shows 
shapes of two adjacent plates of the core according 
Fig. A. Fig. 6 gives details of the arrangement of two 
adjacent plates of the core according Fig. A. Figs. V, S 

25 present two types of spacing means and Fig. 9 illustrates 
application of weld sealings. Fig. lO presents another 
preferred shaping of core plates and Fig. 11 illustrates 
respective arrangement of the core comprising plates 
according Fig. lO. Fig 12 presents a core end board and 

30 Fig. 13 shows the end board cross - sect i on B-B from the 
Fig. 12. Figs. 1 A . 15 and 16 give an example of an insert 
and its positioning in a core channel. Figs. 17, 18 show 
arrangements of the exchanger inputs and outputs. 



t 
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Description of Preferred EnbodiB«?nLs 

Referring to Fig. t. there is shown a heat exchanger 
having a core _1_ incorporated in a fraae The structure 

of the core J_ is formed by a stack of plates TO spaced 
5 apart by spacing means defining channels J3_ between 
adjacent plates 1 0 for flows of heat - exchang i ng media. 

The core J_ as seen in Fig 4. consists of rectangular 
plates 1Q Having portions along the first pair of opposed 
sides bent at right angle to the plate U> flat surface 
lO and subsequently bent outwards thus forming the first 
contact wings 1_1 to appropriate first contact wings JJ_ of 
plate 1_0 being adjacent at one side, while portions along 
the second pair of opposed sides of the plate IP are bent 
at right angle in the opposite direction and subsequently 
15 also bent outwards, thus forming second contact wings 1_2 
to appropriate second contact wings 1_2 of the plate 1_0 
being adjacent at the other side. The shaping of two 
adjacent plates 1£ is illustrated in Fig. 5. The contact 
wings of the two adjacent plates lO being in direct 
20 mutual contact provide for side walls of a channel _3_ 
formed by these two plates 1 O . Between the other contact 
faces of the same two adjacent plates J_0 there is clamped 
a cover bar 1 3 . representing one of appl ied spacing 
means. The cover bar J_3^ is of a rigid construction and 
25 has elongated open holes \A allowing for heat - exchang i ng 
media flow into the core _t_ channels 3_. The open holes VA 
may be of any shape and number and may be distributed 
along the cover bar 1_3 in any manner giving enough room 
for heat -exchanging media to flow in and out. The cover 
30 bar 13 is held in the position by clamping forces 
excersized by adjacent contact wings 1 1 ♦ 1 2 of each pair 
of the adjacent plates 1£. To improve sealing effect 
gaskets Jj6 may be inserted between appropriate contact 
surfaces. The contact face 15 of the cover bar \3_ may be 
35 smooth or may be machined for more efficient clamping. 
Fig. 7 gives an example of such an arrangement. which 
shows longitudinal ridges on the contact surface J_5. 
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Apart from the abov« 'i i sctissed cover bars 13 defining 
Side ual Is of the chanels 3_ within the core there are 

used spacing means providing mechanical support to the 
plates ±0_ against the differential pressure. which may 
5 occure on the two sides of the plate 1 O Fig. 6 shows 
spacers t T which are anchored in the cover bars 1 3 and 
constituted by round rods which keep the opposing cover 
bars 1_3 in a constant position and prevent a displacement 
of the cover bars during operation cycles. It is obvious 
lO to specialists in the field that the cover bars 13 may be 
mechanically locked in position in many other ways and 
that such spacers 1 7 may be of many different shapes and 
also their anchoring into cover bars 13 may be performed 
tn various manners as illustrated in Fig. 8. presenting 
15 cover bars 1_3 which are held in position by turned up 
edges of contact wings 1 1 and spacers 17 having a form of 
dimples pressed in the plate 1 O surface. The spacers 17 
may be also produced in form of cyl indrical studs which 
are welded upon the plate 1_0 flat surface as shown in 
20 Fig. 9. ft complete stack of plates \0_ is shown in Fig. 4. 
The plate pack is positioned between two end boards 18 . 
which are relatively thin membranes and completed with 
corner elements 1 9 . These elements are connected to end 
boards J_8 by bolting, welding or by means of any other 
25 conventional means. 

The frame _2 consists of a pair of para 1 1 e 1 - spaced 
rigid panels 2Q . which are kept at the set distance by 
means of rigid beams 21 attached at their corners by 
bolting. welding or other means. Such a rigid structure 
30 of the frame _2_ all ows for sustaining the core weight and 
operation loads. Both the upper and bottom panels 20 are 
the two ones of six wall members constituting a housing 
of the heat exchanger. The other wall members comprise 
heat-exchanging media inlets and outlets. The distance 
35 between the panels 2Q is somewhat larger than the height 
of the core 1 . defined by the distance be t wen outer faces 
of end boards 1_8 . thus creating a gap 22 between the outer 
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face of each of Lhe end boards I & and an inner* face of 
appropriate adiacenL panel 2Q . This gap 22 is filled with 
insulation Baler i a 1 ensuring that, the panels 20 remain at 
telperature equal to or very close to that of albient 
5 atmosphere when the core 1 is exposed to operation 
conditions. It is obvious that the invention can be 
utilized, for heat -exchangers manifesting various types of 
flow configuration within the core J_. the inlets 28 and 
the outlets 29 being located. on different or on the same 
lO side of the exchanger- body . In order to achieve diverse 
configurations, side covers 23 are used to cover part of 
flow openings, such as open holes 1 A on the core sides, 
as seen from Figs. 17 and 18. To facilitate flows within 
the core _1_ spacers 1 7 may be curved and shaped as guiding 
15 vanes or separate guiding vanes may be used Inside the 
channels 3 in order to prevent flow maldistribution. The 
design of such spacers 17 or guiding vanes is of 
a conventional nature and a large variety of the flow 
guiding systems can be conceived without changing the 
20 concept of the invention. Nevertheless one of such 
systems is described within the invention- A double sheet 
insert 3Q is placed into each of the channe 1 s _3_. just 
behind the cover bar 13 at the core _1_ cold inlet side. 
Both sheets 31 of the insert 3Q are of the same shape and 
25 they are held spaced and in a position which is para 1 e 1 
to plates IP by conventional means. Fig. 16 presents 
pins 32 which are welded to the sheets 31^. As further 
seen from Fig. 14 the open holes IA. of tno cover bar 13 
are conical ly shaped as a convergent nozzle. This shape 
30 increases the velocity of incoming flow delivering 
a relatively strong let stream at the entrance into the 
channel _3 The inside opening 33 of the open hole \A is 
narrower than the distance between both sheets 31 . The 
sheet 31 leading edges are positioned at a small distance 
35 from the inside opening 33. The strong jet flow cowing 
through the inside opening 33 into the inside passage 34. 
defined by both sheets 31 . creates a suction effect 
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resul tinq in a return flow Lhrouqh outside passages 35 , 
which are defined by each of the insert 3Q sheets and the 
ada i cent plate 1 O . This return flow travelling along 
a part of the plate 1 O surface is therefore of a higher 
5 Lenperature than the incoiing flow from the outside. This 
preheated flow is aixed with the cold flow at the 
entrance and thus the stream of a fluid Batter to be 
heated. which flows through channels 1 s therefore of 

a temperature which is sufficient to prevent undesirable 
lO condensation of acids on the core _1_ plates t O . 

Fig. 2 and Fig. 3 show a plurality of resilient 
■embers regularly distributed between each of the frame 2 
pane 1 s 2Q and the adlacent core 1 end boards 18 . Each 
resilient member comprises a spring 4Q attached by means 
15 of a first contact member to the cover board 18 and by 
a second contact member to the panel 2Q . The first 
contact member comprises a pad 41 resting upon the end 
board 1 8 and supporting a rod 42 which protrudes through 
the panel 2Q wall and is attached to the first spring 
20 seat 43_ disposed on the outside surface of the panel 2Q . 
The second contact member comprises a spring casing 44 
which is attached to the panel 2Q outside surface and 
a control member for adjustment of a compressive force of 
the spring 4Q. the control member being disposed between 
25 the spring 4Q and the spring casing 44. In the embodiment 
there is used a screw 45 inserted into a threaded hole in 
the spring casing 44 and resting upon the second spring 
seat 46. The spring 4Q compressive force is set by the 
screw 45 and is a function of mutual distance of both 
30 spring seats 43. 46 , the said distance being indicated by 
needles 47 attached to each of the spring seats 43.46. 
Such resilient members increasing clamping forces of 
contact wings 11. 12 may be mounted either to only one of 
the panels 2Q or to both of them. 
35 The end boards 18 are from one side exposed to 

a flow of one of the hea t - exchang i ng media, on the other 
side they are in a contact with a heat insulation. 
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Therefore l.he end boards 1 8 are exposed to more severe 
thermal gradients Lhan the plates 1 0 . While plates J_0 
inside the core t are free to expand. end boards 1 8 
connected to corner structural elements 1 9 are restricted 
5 in their abi 1 ity to accomodate thermal expansion forces. 
To overcome this feature stress breakers are built in the 
core J_ end boards 18 . Within the flat surface of the end 
boards 1JL **here are implemented diagonally directed 
cuts 3Q . which are bridged by hollow ribs 31 . as shown in 
lO Figs. 12, 13- The r i bs 3 1 allow for absorption of any 
irregularity of thermal expansion of the end boards 1 8 . 
Besides this one other similar solutions may be utilised. 

Though the concept y of the invention has been 
deve lopped as an improvement to non- welded constructions 
15 manifesting free thermal expansion of all plates IP, 
additional sealing along edges of the first contact 
wings J_J_ carried out by means of welds 24 may be also 
applied as shown Fig. 9. Figs. lO and 11 present another 
preferred embodiment of the core 1 . The rectangular 
20 plates 1Q have the portion along the first pair of 
opposed sides again bent at the right angle to the flat 
surface of the plate IP and then bent outwards thus 
forming the first contact wings 11 to the appropriate 
first contact wings 1 1 of the plate lO being adjacent at 
25 one side. but the flat second pair of opposed sides of 
the plate IP constitutes a contact face matching with 
appropriate contact face of the adjacent plate 1 0 at the 
other side by means of solid spacing bars 27 with no 
openings or holes. The spacing bars 27 are welded to the 
30 adjacent plate 1_0 edges. while the cover bars 13_ along 
the first contact wings JJ_ are inserted loosely as 
described with the first core 1 embodiment. In this case 
the two adjacent plates VO with spacing bars 27 inbetween 
form a solid unit but all such units are still free to 
35 move as they are mutually separated only by cover bars 1 3 
inserted between the first contact wings 1 1 - Thus the 
advantages of non -welded construction are maintained. 
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T ndustr j a 1 app \ i ca t i on 3 

Th« present invent- ion is designed for- neat, exchangers 
having non- welded cores. Bade either of metallic plates, 
covered or not covered with protective coatings or Bade 
5 even of non - Beta 1 1 i c plates. 



BNSDOCID: <WO 9619708A1_I_> 



6' 



WO 96/19708 PCT/CZ95/00030 

1 1 

CLAIMS 

1. A heat exchanger having a core forced by a plural lLy 
of plates spaced apart by spacing Beans. defining 

5 channels between adiacent plates for heat -exchang l ng 
media flow, the core being incorporated in a fraie 
Including a pair of Mutually interconnected parallel- 
spaced rigid val 1 members. character i z e d 
in, that at least one of the wall members is in 
lO a contact with adiacent end board < 1 8 > of the core (1) by 
means of a plurality of resilient members. 

2. A Heat exchanger structure according to claim t. 
characterized in. that the resilient 

15 member ( 4) ) comprises a spring < -40) attached by means of 
a first contact member to the end board (18) and by means 
of a second contact member to the wall member. 

3. A heat exchanger according to any of claims 1 and 2. 
20 characterized in. that the first contact 

member comprises a rod (42) protruding through the wall 
member and attached to the spring ( 40) disposed on the 
outside surface the wall member. 

25 4. A Heat exchanger according to any of claims 1 . 2. 3. 
characterized in. that the second 
contact member- comprises a control member for adjustment 
of the resilient member ( 4) compressive force. 

30 5. A Heat exchanger according to any of claims 1 to 5. 
characterized in. that the core ( 1 ) 
comprises rectangular plates < lO) having a portion along 
the first pair of opposed sides bent at the right angle 
to the plate ( lO) flat surface and then bent outwardly 

35 thus forming first contact wings (It) to the appropriate 
first contact wings (11) of a plate (lO) being adiacent 
at one side. while a portion along the second pair of 
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opposed sides of the plate < 10) is bent aL nqhl. dnqle in 
the opposite direction and then bent outwardly forming 
a second contact wing (12) to the appropriate second 
contact wing ( 12) of a plate ( 10) being adjacent at the 
5 other side 

6. A Heat exchanger according to any of claims 1 to 5, 
characteri zed in. that the core < 1 ) 
comprises rectangular plates ( 10) having a portion along 

lO the first pair of opposed sides bent at the right angle 
to the plate (lO) flat surface and then bent outwardly 
thus forming first contact wings (11) to the appropriate 
first contact wings (It) of a plate ( lO) being adjacent 
at one side, while the second pair of opposed sides of 

15 the plate ( 10) provides for contact faces matching with 
appropriate contact faces of the plate ( 1 0) at the other 
side by means of rigid spacing bars (27) sealed to the 
plates ( lO) by welds. 

20 7. A heat exchanger according to any of claims 5 to €> . 
characterized in. that between adjacent 
contact wings (11.12) there is clamped a rigid cover 
bar (13) with open holes (14) for heat-exchanging media 
flow into channels (3). 

25 

8 A heat exchanger structure according to claim 7. 
characterized in. that behind the cover 
bar (13) there is placed an insert (30) comprising two 
para 1 e 1 - spaced sheets (31) defining three passages within 
30 the channel (3) . providing the open holes ( 1<4) of the 
cover bar (13) tapers inwardly and opens from a set 
distance into the inside passage (3-4). 



9. A heat exchanger according any of claims 1 to 5. 
35 characterized in. that at least one core 
end board (18) is provided with 1 ong i tuud i na 1 and/ or 
transverse cuts ( 30) bridged by hollow ribs (26) . 
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FIG. 3 
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FIG. 11 
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